A Multi-Scale Singularity Bounding Volume Hierarchy by Somchaipeng, Kerawit et al.
u n i ve r s i t y  o f  co pe n h ag e n  
Københavns Universitet
A Multi-Scale Singularity Bounding Volume Hierarchy
Somchaipeng, Kerawit; Erleben, Kenny; Sporring, Jon
Publication date:
2004
Document version
Early version, also known as pre-print
Citation for published version (APA):
Somchaipeng, K., Erleben, K., & Sporring, J. (2004). A Multi-Scale Singularity Bounding Volume Hierarchy. (08
ed.) Department of Computer Science, University of Copenhagen: Datalogisk Institut.
Download date: 02. Feb. 2020
  
A Multi-Scale Singula
Hier
Kerawit Somchaipen
Jon Sp
DI
University of Copenhag
DK-2100 Cope
  
 
rity Bounding Volume 
archy 
 
g, Kenny Erleben and  
orring  Technical Report no. 2004/08
ISSN: 0107-8283 
CR Subject Classification: I.3, I.6, I.4 KU 
en • Universitetsparken 1 
nhagen • Denmark 
  	
ﬀﬁﬂﬃ! #"$%'&(")*+,
-
.ﬀ/ﬀﬁ	01ﬃ
23547698;:	<>=@?BADC/EGFﬂH IKJL2NM	OPRQ@AKSTAKCUIWVL<>C/XZY[ML35?T47P\PR=]C[EI
^ﬂ_D`badcﬁegfhjilkmonWngpqngr[`stKuwvyxzuw{|ghj`s}luR~	nr//s\lvye;u{wvyk`s\tDuvxzuw{|ghotovgs{xwvu|Ungr

ng}>stomjegŁgs\tnKs\{w{sbpps$g`agD

nD}s\tomjeŁDst$~j`stjGeg{w
\`s\}lu\~Lngr

nDG}oluws\{ilk*vstk*sghotovgs{xwvu|Ungr

nD}s\tomjeŁDsthotovgs{xwvus*uxw}jeg{wDstDh
`ado\Doh

ng}>stomeŁgs\thj`s\to1e{
7* K¡R
¢¤£d¥ﬂ¦\§©¨b£dªW¦¥¨¦\ªDªD«¬¦¥w­®£	¯z¦°¨±)²¬\«B³K´D®§µg®±D¶³l¬R´D±Wµg®±D¶·¬\§©´K¸¨¹­D®¨w«z¦«dº
¥w­D®¨£/²y¬\«L¥¬R§©§©®£d®©¬\±1µD¨¯¨¥¯®©¬R±»ﬁ¢¼£dªK­D¨«®©¥ﬂ¦\§o³l¬\´K±Wµg®©±K¶b·¬R§©´D¸¨B®©£	¶R¨±K¨«z¦*¯¨ﬂµ)¦*¯
¨ﬂ¦\¥z­1±K¬µg¨¬²q¯­K¨.³l¬\´K±Wµg®©±K¶·¬\§©´K¸¨.­K®©¨«z¦*«¥w­;½)´K£d®©±K¶¨£¾¯®¸$¦*¯¨£T¬\²q¯­K¨b¸$¦£d£
µD®©£¾¯d«®©³K´D¯®©¬\±»
¿
«z¦Rµg®©¯®©¬\±W¦\§q¯¬\ªDº@µD¬ﬂÀL±U¸¨¯­K¬µg£Á¦ªKªg«¬*Âg®©¸$¦¯¨£T¯­D¨£d´g«d²Ã¦\¥¨¬\²[¦\±Ä¬R³Å¾¨¥¯
®±¦¥¬R¦«£d¨¯¬ÆK±K¨¸$¦±K±D¨«ﬂÇ>³;½1«¨¥´D«£d®©·¨§È½Ä®©±K¥«¨ﬂ¦£d®©±K¶«¨£d¬\§©´D¯®©¬R±³;½Ä£d¬R¸¨
²Ã¦\¥w¯¬\«ﬂÇL¨R» ¶D»[É;»
¿
­K¨)¸¨¯­K¬µªD«¨£d¨±;¯¨ﬂµ®±¯­K®©£¦*«d¯®¥§¨U¦±W¦§©½gÊ¨£¯­K¨G¸$¦£d£
µD®©£¾¯d«®©³K´D¯®©¬\±¬\²B¦1£d¬R§©®µ¬\³gÅ]¨¥¯´K£d®©±K¶Ä¦À[¨§©§[²y¬\´K±Wµg¨ﬂµ£d¥ﬂ¦§¨wº@£dªK¦\¥¨³W¦£d¨ﬂµ¬R±
¯­K¨LË¹®ÈÌo´K£d®©¬R±Í5Î;´W¦*¯®©¬R±Ï>¯­K¨TÐ¹¦\´D£d£d®¦\±)Ñg¥ﬂ¦§©¨º]ÑgªW¦¥¨R»Ò@±¯­K¨TÐ¹¦´K£d£d®¦\±)Ñg¥¦\§©¨º
ÑgªW¦¥¨RÇ¯­D¨LµD¨¨ª£¾¯d«´K¥¯´g«¨	¬\²j¨Â¯d«¨¸$¦§D¸$¦£d£ﬁªl¬\®©±¯£ﬁ®©£5±K¦¯´g«z¦\§©§È½³K®©±K¦«d½;Ç;¦±Wµ
¯­K¨.§©®©±K°®©±K¶ªg«¬;¥¨£d£T®©£L¯­D¨«¨²¬\«¨b£d®©¸ªK§©¨R»
¿
­K¨L¸$¦\®©±¥¬R±;¯d«®©³K´D¯®©¬\±¬\²l¯­D®£ﬁ¦*«d¯®¥§¨L®©£5¦Á±K¬*·¨§D¦\ªDªD«¬R¦\¥z­²y¬«[¥¬\±K£¾¯d«´D¥¯dº
®±D¶Ó³l¬\´K±KµD®©±K¶·¬\§´D¸¨­D®©¨«z¦«¥z­K®©¨£1´D£d®±D¶Ó¸´K§È¯®ÈºÔ£d¥ﬂ¦\§©¨Ä£d®±D¶R´D§¦*«®È¯]½ºÕ¯d«¨¨£G²y¬«
¥¬R§©§©®©£d®¬\±NµD¨w¯¨¥¯®©¬R±j»
¿
­K¨³l¬\´K±KµD®©±K¶U·¬\§´D¸¨$­K®©¨«z¦«¥z­;½³K´D®©§µg®©±K¶¦\§©¶R¬«®©¯­D¸
¨Â¯¨±Wµg£¯­D¨$ÆK¨§µÀL®È¯­¦U±D¨ÀÖ¸¨w¯­K¬µ³K¦\£d¨ﬂµ¬\±·¬R§©´K¸¨w¯d«®¥$£d­K¦\ªl¨«z¦¯­D¨«
¯­W¦\±U£¾¯z¦*¯®£¾¯®©¥£Á¬\²ﬁ¯­K¨b£d´D«d²y¦\¥¨¶R¨¬\¸¨¯d«d½G¬«¹¶R¨¬R¸¨¯d«®©¥ﬂ¦§q¥¬R±D£¾¯d«´K¥¯£B£d´K¥z­¦£
¸¨ﬂµD®¦\§j£d´D«d²y¦\¥¨£»
× Ø7Ù)ÚﬁÛ/Ü1ÝÞßLÚ[à*Ü$Ù
á
t9}jmK|lxwvk\xa¾fjeDxzsRNetov1e;uwvngtﬁhLk*ngppvxwvnDt9lsuws\k*uwvngtânrÃuws\t9f>s\kngGs\xuwmosf>nuzups\tos\k7h
xwvtjksÁekngppvyxzvngtãKos{|tossRox[uwnf>s¹}s\{zrÕnD{wGs\vtGs\gs{|xzvjpeuwvngt)xzuws\})vtGng{ls{5uwn
lsuws{Gvtjsk*nDtDuegk*uwvtoŁetj1kngppvylvtoŁngfläsRkﬂux~/btov1e;uvnDtjxTk\et1mjeDsÁ1egtK|ngfoäs\kﬂuxh
epp[nrLå.movykm1e|mjegs)eÄk*nDG}opsæŁgsnDGs*uw{|gh7xwjkmÓeDxb}>ngp|KŁDngtjegp[xwngj}jxbngrBxzs\gs\{egp
uwmjngjxetjjx[rÔegk*sux\hget)vuLvyx[uwmos\{wsrÕng{s¹ekngG}olue;uwvngtepp|$mjs\eW|foo{lstun}s\{zrÕnD{w
k*nDppvyxzvngtls*us\kﬂuvnDts\xw}sRk*vyepp|1rÕnD{.{wsRepa@uvGsvtDus{egk*uwvngt~
ç
ngotjovtoŁ1DngpoGsmovs\{eg{kmjvsRx.e{så.vyls\p|jxzsRvtk*nDG}oluws\{bŁg{e}jmovk\xhlsD~ Ł~lrÕng{
{e|uw{egkvtoŁNèéê]h	etëuwmos\|ëeg{wsUãKovuwsU}>ng}jopeg{vt¼etov1e;uvnDtíìÔsg~ Łj~îèÈïêBxzsRxuwmjs
rÕng{.kpnguwmetov1e;uwvngt>ðﬂhoxwvtjksuwmos\|Äe{seg}o}opvk\efopsnr5metjlpvtoŁGnD{wsŁgs\tos{epqxwmje}>s\x

uwmetënKxurÕsRe;uo{wsa]fegxws\egtjëxzvG}opsæWa]fjeDxzsRÓegpŁDng{vumo1xh7umos|uws\tjÓuwnŁgs\tos{e;us
xwGegpps{/movs{e{kmovs\xﬁuwmjegtxw}jeuwvyeplxzjf>lvWvxwvngtGepŁgng{vuwmo1x\hetjuwmos\|$nñ7s{LeŁg{egks*rÕop
ls\Łg{egoeuwvngt1nrnDfläs\k*ux\hWå.movkmÄvxÁmovŁgmop|Gjxws*rÕop7å.mos\tegk\k*o{egk|)vyxTuwnfsuw{eglsRGrÕng{
}>s{wrÕng{Gegtjk*sD~bså#}s\{zrÕnD{w1etk*svG}o{n;gsGs\tDuxbngrTfnDotjlvtoŁgnDpoGs)movs\{eg{kmjvsRx
vyxÁuwmos\{wsrÕng{sngr5ŁD{wsRe;u.}o{egkﬂuvk\epqetUumosnD{wsuwvykepqvtKuws\{wsRxu¹uwnGumosk*nD}jluws\{bŁg{e}omjvk\x
etegtov1euwvngtk*ngG)otovu|g~
ò
mos1egvtUkngtKuw{vfjluwvngt1ngr>umovyxT}jeg}s\{TvyxTetjn;gspepŁgng{vuwmo#rÕng{Tf>nuwuwnD)a¾o}Äkngtla
xzuw{jkﬂuvnDtNnrbxz}jmos{vk\epTeg}o}o{nælv1e;uvtjŁf>ngjtjlvtoŁDngpoGs1movs\{eg{kmjvsRx~óÓs}o{s*rÕs{
ngj{Tmovs{e{kmovs\x\hôj{xup|Gf>s\k\ejxwsbumos|UxegsbGs\nD{w|DhKegtjGumos{s*rÕnD{wsvtjk{wsRegxws\xBxzvla
pye;uwvngt}>s{wrÕng{1etjksgh>å.mostÓk*ngG}jeg{wsRuwnÄuw{eglvuwvngtjegpﬁf>ngotlvtjŁÄgnDpjsmovs\{eg{kmW|Dh
etxws\k*nDtjlp|fsRkegjxzs)uwmjs|e{sGelv{s\kﬂuv}jps\s\tKue;uvnDtngrTuwmjs1eDxwxnrÁngfläsRkﬂux
{e;uwmjs{Áuwmjegtuwmos\v{.f>ngotoe{|U{s}o{s\xwstKueuwvngt~
á
tuwmjvxe{wuwvyk*psåBs)å.vppﬁ{s\xzuw{evtngo{xwspgs\x.rÕ{wnDõumostla¾f>nWo|}o{ngfjps\öegtjngtjp|
k*nDtjxwvls\{¹tje{{wn;å÷}omjegxwsGè oﬂêﬁk*nDppvyxzvngtls*us\k*uwvngtnr/xznDpvyÄtjngtladls*rÕnD{w1egfopsnDfläs\k*ux\~
ø	ùzø úûjüqýbþß  ßLû
ò
mos\{wsvxGeåÁs\egpum¼nrpvuws\{euwo{sÄnDt9k*nDppvxwvngt9lsuwsRkﬂuwvngtﬁhTetj91etW|Nlvñ7s{stKu1e}la
}o{nDeDkmos\xGmjeDsf>sst÷vtWgsRxuvŁKe;us\q~#iW}e;uwvyepxzjf>lvWvxwvngt÷egpŁDng{vumo1x1pvgs
ç
vtjeg{w|
iW}jeDk*sa]	e{wuwvuwvngtjvtoŁ ì
ç
ilBðu{ws\s è _KRê¾h$nlkﬂuw{ss÷è éDéohWhDﬂê]hDadZuw{ssRxetÖŁg{vox
èRWhqDﬂê]horÕs\e;uo{s*a¾fjegxws\epŁgng{vuwmo1xÁpvgs}>ngp|KŁDngtjegp7vtKuws\{xws\k*uwvngtëè _gé;ê¾hocvtla

egtÓè éD;ê]h


pv}¤è _D_;ê¾h[iWó
á
	/ò
èRê¾hﬁ{s\k*j{xwvDs)xws\eg{kmÓsuwmonloxUè éK_ê]h[xzvG}ops*æWa]fegxws\ëxzjkmîegx

 èR_lh.éKïê]hŁgs\tos{epv\s\

ng{ngtonDvlvyeŁD{eg1xèÈê¾hetjZxzvŁgtjs\÷ovxzuegtjk*së1e}jx
èKh7ïlhﬁê¾~
	
vtjepp|Äumos{se{s$epŁgnD{wvuwmjGxbfjegxws\nDtf>ngjtjlvtoŁÄDngpoGsmovs\{eg{kmjvsRx
xwjkmeDx¹ngo{x\~
ç
ngotjovtoŁâgnDpoGsmjvs\{eg{kmovs\xÄmjegsfs\st÷eg{wnDotjírÕnD{e¼pngtjŁ¼uwvGsg~

ngtjxws*a
ãKostKup|Gumos{svyx¹emWoŁDsåÁs\epuwmnrﬁpvuws{e;uo{sef>ngouÁf>ngotlvtjŁ)DngpoGsmovs{e{kmovs\x\~

nKxuÁnrquwmjspvus{e;uwj{wsegol{s\xxws\x	monDGngŁgs\tosnDjx	f>ngotlvtjŁ)DngpoGsbmovs{e{kmovsRxLet
uwnD}ladln;å.tkngtjxzuw{jk*uwvngtÄGsuwmonlox\~TÖŁg{s\eu.eg{wvs*u|Änr	lvñ7s{stKu.u|W}>s\x¹nr/f>ngotjovtoŁ
gnDpjsRxbmjeDs$f>sst{ws\}nD{zus\biW}omjs{s\x)è DWh>_Kh;ê¾h7eæls\epvŁgtosRfnDotjlvtoŁfnæls\x
ìÔ
ç¹ç
xðèho_g;ê]hlnD{wvstKuwsR1f>ngotjovtoŁGf>næls\xì
ç¹ç
xðèïWhqﬁﬀ;ê]holvyxk*{s*uwsng{vstKueuwvngt
}>ngp|Du|W}>s\xìÕKad`Txðè DïWhoïgRê¾hﬃﬂjetKuv\s\{vstKueuwvngtÄiWpyefjxÁå.vuwmL{wv1e{| {wvstla
ueuwvngtjxì!ﬂ"iW#xðè$ê]hjil}omos{vykepqxwmospp	èÈ%\ê¾hjetÄxwåBs\}lubxz}omjs{sDngpoGs\xì@ioi

xð
èÈ&ê¾~
á
t¼Łgs\tos{ep]h/vuGmjegx)f>sst¤lvyxwkn;gs{s\Óumje;uuwmos\{wsvxGeuw{eglsa]ngñâf>s*uåÁsst9uwmos
k*nDG}opsælvu|nr	uwmjs$Łgs\ngGs*u{w|nrLe1f>ngotjovtoŁgnDpoGs$egtjuwmosxz}>ssRnr	vuxn;gs{pye}
uwsRxuegtjÄuwmostWo)fs\{.nr/n;gs{pye}1us\xzux.vteãKos\{w|D~
á
tâkngtKuw{egxzuuwnëfnDotjlvtoŁÓgngpoGs\x$u|W}sRxh/umos{sÄmjeDxnDtop|Óf>ss\t9å.{vuwuwst9pvuzups
ngt eg}o}o{nælv1e;uvtjŁëf>ngjtjlvtoŁ9DngpoGsmovs{e{kmovsRx~
ò
n¼ngo{Wton;å.psRlŁgsNèÈl*ê}ovna
tos\s{s\uwmjsbôjs\pqhWå.mos\{wsnWk*uw{ssRxTk*nDfovtosR1å.vumÄxwv)opeuwsRUetotjs\epvtoŁ$åÁs{s.jxzsRGuwn
k*nDtjxzuw{jkﬂu	exw}omos\{wsTuw{ssDh;rÕngppn;åÁs\$fK|1è _'$oh_(\ê¾hgk*jopye;uvtoŁå.vuwmGexwo}>s{vnD{5f>nuwuwnga
o}ëk*ngtxu{wjk*uwvngtGsuwmonlfegxws\nDtGs\lvyep	xwo{wrÔegk*sì

a¾{s}jxðèÈgRê¾~

nD{ws){wsRk*stKup|
è _'ﬀlh);êBxzsRNe}o}o{nælv1euwvtoŁxz}jmos{s*a]uw{ssRxfoovpuvt9euwng}¼on;å.tîrÔegxwmovnDtNfjegxws\ënDt
etînlkﬂu{ws\s1rÕng{$uwvsk*{vuvk\epTkngppvyxzvngtNlsuwsRkﬂuwvngtﬁh/egtjíè _êBjxws\Negt¼egoeg}luwvgs1a¾{ws\}
e}j}o{wnælv1e;uwvngtoa]fjeDxzsRuwnD}la¾on;å.tkngtjxzuw{jkﬂuvnDtegpŁDng{vumo~
ò
mos{smjegsfs\st¤å.{wvuzust¤sDst9ps\xxGef>ngluGmosuws{ngŁDstos\ngjx)f>ngotjovtoŁîDngpoGs
movs{e{kmovs\x\hepuwmjngoŁDmngfläsRkﬂumjvs\{eg{kmovs\xbnrTlvñ>s\{ws\tKu}o{vGvuwvgs)gngpoGsu|W}>s\xe{s

eîå.vylsp|âxzsR k*nDtjk*s\}luUvt÷nKxunruwnloe|lxUxwv)opye;uwnD{xè _DïlhBé(lhÁé;ê]~
ò
mjsÓioi

x
èÈ&êeg{wsngtosnruwmosGnDxzu1{wsRk*s\tDuG}oofjpvykeuwvngtjx\~
ò
mosŁDstos\{egpBf>spvsrvyx\hTmon;åÁsDs{Rh
uwme;umosuws\{wnDŁgstjsngxfnDotjlvtoŁDngpoGs\x$lnWsRxtonukmjetoŁDsGuwmosUrÕotjoegs\tKuepÁepŁgnga
{vumo1xhofjluGs{sp|ÄvtKuw{nWojk*sRxbeG{erÃubnr	numos{.}j{wnDfops\1x~
á
uvxepyxznGf>spvs\gs\umje;u
mosuws{ngŁDstos\ngjxbfnDotjlvtoŁÄDngpoGs\xk*ngjp}j{wn;Wvylsfsuzus{etjnD{ws$uwvŁgmKuwp|ôouzuvtoŁ
f>ngotjovtoŁgnDpjsRxb{s\xwopuwvtoŁvtmjvŁDmos{k*nDtKDs{Łgs\tjk*sun;åÁeg{oxbuwmos)uw{osGxzme}>sgnDpa
oGsbngrumosbngfoäs\kﬂux~
ò
movyxTkngopyGGs\et1egtvtjk{wsRegxws.vtGumosb}o{otovtoŁ$keg}jefjvpvuvsRxLet
eGk*nD{w{s\xw}nDtjlvtoŁvtjk{wsRegxwsvt}s\{zrÕnD{w1egtjk*sD~

nDxzu$nrBuwmos1åÁng{å.vuwmîfnDotjlvtoŁDngpoGsmjvs\{eg{kmovs\xmjeDxegol{s\xxws\ÓngfläsRkﬂux
uwme;uBeg{wsb{s}j{wsRxzs\tDus\fW|)}>ngp|WŁgnDtjepoGnlls\px\~

etW|sæl}s\{wvGstKuxBepyxznvtjlvykeuwsbumje;u

ç¹ç
xÁì@etjnguwmos\{	{wsRkﬂuegtoŁgjpeg{[DngpoGs\xð5}o{wn;WvylsÁuwmos.f>s\xzuTk*nDtWgs{Łgs\tjk*sTrÕng{L}>ngp|WŁgnga
tjegplnlls\px¹èRïlhoﬁﬀlhgïDWhD'ê]hgå.movpsbxw}omos{vykepWDngpoGs\x	e{sÁfs\pvsDs\uwn$k*nDtWgs{ŁgsBfsRxu
uwn;å¹e{ox7umosÁgngpoGsg~
ò
mosTjtjls{p|KvtoŁãDjs{|egpŁDng{vumo1xqrÕnD{5}>stosuw{e;uvnDtls*us\k*uwvngth
xws}jeg{euwvngtlvyxuetjksetjk*ngtKuegkﬂuos*uws\{wGvtje;uvnDtnr	f>ngotlvtjŁÄgnDpjsmovs\{eg{kmjvsRx
mjeDstongukmetoŁDs\)jkm~
á
tëvuxfjeDxzvyk$rÕnD{wh7umos\xws1epŁgng{vuwmo1xe{s)tonguwmovtoŁGng{s
uwmetxzvG}opsu{eDs{xwegpx\~
ò
n1nDo{¹Wton;å.psRlŁgsDhWuwmosu{ws\s\x¹fjeDxzsRÄnDtuwmos$ls\s}xu{wkﬂuwj{wsngr

exwxwvegtiokeps*a
iW}jeDk*smjegxBtonuÁfs\stjxzsRU}o{sWvngjxwp|rÕnD{BŁDstos\{euwvtoŁ$f>ngotjovtoŁ)gnDpoGsmovs\{eg{kmjvsRx
ng{Bk*ngppvxwvnDt1ls*us\kﬂuvnDt~	btÄegpus{tje;uvDs¹uwn

egjxxzvyet1xkeps*adxw}jegksÁvyxTko{euwo{sbxkeps*a
xw}jegks\x\hBrÕ{ngå.movykm

a¾{ws\}jxUeg{wsos{vDs\q~

a¾{ws\}jxUfegxws\íGs*umonloxÄeg{wsxzueuwsngr
uwmjs$e{wuBrÕnD{.fnguzuwnDa]o}kngtjxzuw{jkﬂuvnDtÄGs*umonlëè DRê5etUung}ladln;å.tk*ngtxu{wjk*uwvngtÓè _ê]~
	
nD{lsrÕng{Gegfops1ngfläsRkﬂux)xzkmîeDx$k*pnumh/fnguzunga]j}¼k*ngtxu{wjk*uwvngtîfjeDxzsRÓnDtNGs\xwm
uwnD}nDpnDŁg|Nè éKhﬁé%$lhégêTe{suwmos1}o{s*rÕs\{w{s\ëkmonDvksg~
á
tíèêBesRlvyetîfjegxws\uwnD}ladln;å.t
Gs*umonlåÁeDx¹}o{wnD}nKxzsRrÕng{bfojvpylvtoŁUet
ç¹ç
u{ws\sg~è _Dê5xwoŁgŁDs\xzuws\jxwvtoŁUeGGs\xwm
k*nDtotosRkﬂuwvWvu|Ka]uw{ssvte)uwnD}ladln;å.tkngtjxzuw{jk*uwvngtÄGsuwmonlq~
* + Û-,/.Ú5àÙ1032 à4,¹Û-.Û[ß-5à4,/687Û[Ü:9 ;<.$Þ6=6ﬁà>.$Ù@?1ß#.BA4,DC?FEG.$ß#,
ò
mosIHKJML)ovGstxzvngtjegp

egjxxzvyetxkegpsa¾xw}jeDk*sghNPOﬃQ-RTS5^VUWQBh	ngrBetXH lvGstla
xwvnDtjep7vGegŁgsDhYZO'Q-R[U\QÁh5vx.egtnD{ls\{wsRÄxzueDk1nr/v1eŁDs\x\hWå.mos{ss\egkmvGegŁgsvx.e
fopo{{wsRDs{xzvngtnr/umosrÕng{Gs{èÈ_jhïlh7&ﬀê¾~
ò
mosfopo{{wvtoŁ1vyxb}>s{wrÕng{sRegkkng{lvtoŁ
uwnumos$lvñ>jxwvngts\ãKjeuwvngth
](^
N`_Ma

Ncb ìRð
å.mos\{ws
](^
NîvxLuwmosbôj{xzuL}jeg{zuvegpadls{veuwvgsÁnr7uwmjsbv1egŁgs¹vtGumosxkegpsblv{s\kﬂuvnDtIdﬂhDet
a1vyxuwmosUc5e}opyegkvegtîng}>s{e;uwnD{\hﬁå.movkmîvtN_lvGs\tjxzvngtx{wsRegox
]

e
J
]

f
J
]

g
~t
s*æoeg}jpsnr5uwmos$xkegpsa¾xw}jeDk*snr[e1xwngpvykn;å vxxzmon;å.tvt
	
vŁgo{sGg~
ò
mos

egjxxzvyetDs{tosp5vxbuwmos

{ws\stih x.rÕjtjkﬂuvnDtnr	umosmosRe;ulvñ7jxwvnDts\ãKjeuwvngth
v]~ sD~
Ncjlkmndlop_qY"j
kro=sutjlkmndlovb ì@gð
tjxw=mndlop_
L
jxy'zdlo
R|{ﬃ}%~
ee
{>
^
b ìÔ_Dð
å.mos\{ws:Nj
kbldlobvxuwmos)v1egŁgs)euxkeps:dﬂhY"j
krobvyxbumosnD{wvŁgvtjegpv1egŁgsghis(vyxbumos)kngtWgnga
pluwvngtng}>s{e;uwnD{\h'tjlkmndloLvyxBuwmos

exwxwvegtUgs\{wtjsp7e;uÁxkegpsdﬂhH vyxTumoslvGs\tjxzvngtepvu|
_
	vŁDo{s'/bt1s*æoeg}jps.ngr>umosxkegpsa¾xw}jegks¹nrexznDpvy1k*n;åZèÈRê]~
ò
mosv1eŁDs\xLxwmon;åâuwmos
s\{wnvyxznga¾xwo{wrÔegk*sRxÁnrﬁumos$k*n;åZe;ubxkeps\x/_Łbbnﬃr'bo~
nrTuwmos}o{ngfopshqetjdc_q&oh>xzvtoŁG¼egxuwmjsxzuegtjoe{ls\WveuwvngtngrLuwmos

egjxa
xwvegt¼gs\{wtos\p@~
ò
mjsvxq4& 4¡!¢ﬃ' vyxmostjks*rÕnD{zumâkegpps\¼uwmosxkegpsa¾xw}jegksUvt
uwmjvxe{wuwvyk*psg~
ò
mosvtlrÕnD{w1e;uvnDtívt÷xkegpsa¾xw}jeDk*svxÄpnDŁDeg{wvuwmoGvykegpp|âls\Łg{eglsRqhÁuwmos
xkeps*a¾}jeg{egsuws\{LvxBumos{s*rÕnD{wsnrÃuws\txeG}ops\Äs*æl}nDtostKuvegpp|GjxzvtoŁIG_Ł£
}¤
~LiWvtjk*s
lvñ>s\{ws\tKuwvye;uwvngtk*nD)luwsRx¹å.vumk*ngtWDngpluwvngtÄegtjÄuwmos

exwxwvegtÄDs{tospqvyx¹vtoôjtovuwsp|
lvñ>s\{ws\tKuwvyefopsghlvñ7s{stKuwvye;uvnDtnrv1eŁDs\x[vt)xkeps*adxw}jegks\x5vx/k*nDtWgstjvs\tDup|kngG}olus\qh
]
e¥
Nj
kmldlo_
]
eﬁ¥
jxY"j
kro=sutjlkmndlolop_ŁY¦jlk o§s
]
e¥
tjlkmndlov ìÕéKð
bpuws\{wte;uwvgsvG}opsGstKue;uwvngtxLnrqumosxkegpsa¾xw}jeDk*sbe{s.jpuv}opvyke;uvnDtUvt1uwmos
	
nDo{wvs{
`ng1evthôjtovuws.lvñ7s{stjkvtoŁxkmosGs\xﬁrÕng{	xwngpWvtoŁuwmos¹mosRe;u	lvñ>jxwvngts\ãKje;uvnDthegjlva
uwvgsnD}s\{euwng{¹xw}opvuzuvtjŁè ïgê]hetj{wsRk*o{xwvDsv}jps\s\tKue;uvnDtîè $lhjé%ﬀê¾~|¨TegkmGs*umonl
mjeDxLvuxTeDl;etKuegŁgsRxLetj1ovxegl;egtDueŁDs\x\håBs}o{wsrÕs{Tuwmosxz}jeuwvyep>k*ngtWDngpluwvngthDxzvtjk*svu
vyxŁgjeg{egtDussRtonuunvtKuw{nlljk*stos\å(sæKu{ws\1eÄvtÓmjngGngŁDstos\ngjx{ws\Łgvngtjx\~
ò
|W}ovykep
f>ng{ls{Ukngtjlvuwvngtx1e{s`v{wvykmops*u\h

|lk*pvk{s}>s*uvuvnDth¹etjíbs\o1etotíf>ngotoe{vsRx~
óësxzsG`v{vkmops*uf>ngotoe{vsRxhqå.mjs{sumosGv1eŁDs)vyxs*æWuws\tjlsRå.vuwms\{wn;epos\xvt
epplv{wsRkﬂuvnDtjx~
bpuwmonDoŁgm uwmosëlvGs\tjxzvngtepvu|¤nruwmjsÓk*nDtjxzuw{jkﬂus\ xkeps*adxw}jegksvxngtosmovŁDmos{
uwmetîuwmjsÄlvs\tjxwvnDtjepvu|ÓnrÁuwmosÄng{vŁDvtjegp	v1egŁgsgh/>©v«ª¬x=¢ﬃ­«ﬃª¬ﬂh5vtîuwmjsUv1egŁgsUe;u
s\eDkmxkegps.eg{ws.epå¹e|Wx[}>ngvtKux\~/ k{wvuwvykegpl}nDvtKuTvyx	sD~ Ł~5etGsæKu{ws\oh
]
e
N`_
]
f
N`_
]
g
N®_qo~

{vuvk\ep7}nDvtKuxÁeg{wsk*pyegxxzvôjsR1fW|GuwmossvŁgs\tWegpjs\xLngrﬁumos°¯s\xxzvyet1e;uw{væ7h
uwmjs.Geuw{vænrqeppjxws\k*nDtjls{v;euwvgs\x\hgkngG}olus\Ge;u	umosb}>ngvtDuR~

{vuwvykepj}nDvtKuxLå.vum
epp7}nKxzvuwvgssvŁgs\tWegpjs\x¹e{sGvtovGejhok*{vuvk\ep7}>ngvtDuxÁå.vumegppqtos\ŁDeuwvgss\vŁDstW;epos\x
e{sG1e;ælv1ejh5etëk{wvuwvykegpL}>ngvtDuxå.vuwm¼eGvæWuo{ws1ngr.fnguwmîtosŁKe;uvDsGegtjî}>nDxwvuvDs
svŁgs\tWegpjs\xe{sxegolps\x\~
á
t9uwmo{sslvs\tjxwvnDtjep.xw}jegksgh	umos{seg{wsuåÁnŁg{ngj}jxngr
xegolps\xﬁngtos1megxuåÁn}>nDxwvuwvgsUetÓnDtosGtosŁKe;uvDss\vŁDstW;epos\xegtjÓuwmos1nguwmos\{$mjegx
uåÁntjsŁDeuwvgsetjngtjs}>nDxwvuwvgssvŁgs\tWegpjs\x\~
xÁåÁsvtjk*{s\eDxzs.umosxwk\eps}jeg{egsuws\{\hDuwmosk*{vuwvykep>}>ngvtDuxTGn;DsxwnWnguwmop|rÕng{)a
vtoŁI>©v«ªx&¢ﬃª±(ﬂ~/bpngtoŁxwk\epsghk{wvuwvykegpK}>ngvtKux/GssuLetj)etotovmovpeuws¹ng{/e{s¹k*{s\e;us\q~
iWjkmsDstKux.eg{wsk\eppsRk\e;ueDxu{wnD}omossDstKux\hoetjÄuwmjs}nDvtKux¹å.mjs{sumos|nlkk*j{be{s
kegpps\keueDxu{wnD}omosÁ}nDvtKuxTetj)uwmjsbk*ngpps\kﬂuvnDt)ngr>s\gs\tDux/vxTkepps\uwmos:²%  ³¢vª¬©vﬃ>ª¬© 
nr/umosv1eŁgsD~
ò
mos$tonguwvngtnrLŁDstos\{wvyk*vu|ÄvyxbxzsRuwnÄlvyxw{ws\ŁDe{sDstKux¹umje;ue{stonu
pvDsp|îuwnNnlkko{rÕng{Gu|W}ovykep.v1eŁDs\x\hLv@~ sg~ ŁDstos\{wvyksgs\tKuxGe{sxzuegfopsjtjls{xzpvŁDmKu
}>s{wuwo{fje;uvnDtângrumosvGegŁgsD~
ò
mos{se{sngtop|NuåÁnÓu|W}>s\x1ngrŁDstos\{wvykkeuegxzuw{ng}jmos
é
sDstKux$vt9xkegpsa¾xw}jeDk*sGtjeGs\p|ë}jev{å.vxwsX>©n ªx­´ 4µ 4¦ªxÄegtjq¦ﬃ±«ªx­Ł >µ >ﬃª¬
è¶\ê]hoegtj1vuÁmegxBrÕo{wuwmos\{Bf>ss\txwmon;å.t1umje;u¹Łgs\tos{vkke;uegxzuw{ng}omjssDstKuxBngtjp|GvtKDngpgsRx
}jegv{xLngr5k*{vuvk\ep}nDvtKuxÁå.mos\{wsngtosetjUngtop|GngtossvŁgstW;eposnrquwmjs°¯s\xxzvyetU1euw{væ
kmjegtoŁgsRx$vuxxzvŁgth	sD~ Ł~ﬁumosetotovmovpeuwvngt¼ngreGvtov)o'ì·)h·)hp·ð$egtj9eÓxweDolps
ì·)h·)haðﬂ~	Zls*uevpsRUlvyxwkjxxzvngt1ngrﬁe{wnDfojxzuTGs*umonl1rÕng{Bs*æWuw{egk*uwvtoŁk{wvuwvykegpj}jeuwmjx
etUkeuegxzuw{ng}jmos.}nDvtKuxLrÕ{ng %·)R`÷egtjU_(·)R`÷xkegpsa¾xw}jegks\xLk\etUf>sbrÕnDotj1vtè éKê]~
¸¹ùzø ¹ºT»Wûjü=¼[½=¾¿À½|Dü§ÁÃÂÄ cÅ³»oþ³¾'ÆTÇ½|ÅzüÈÆ¹þnÉÊ Å
½/ûjþ
»&ËÍÌûoüü=
ò
mos\{wsÁe{sTe.rÕs\åNsuwmonlox5rÕnD{[kngtjxzuw{jkﬂuvtjŁ.uw{ssÁxu{wjk*uwo{s\xﬁrÕ{ngZuwmosÁlss\})xzuw{jkﬂuo{s
nr5uåBnga¾ovGstxzvngtjegp7v1eŁDs\x¹}o{ng}>nDxws\Ävtumospvuws\{euwo{s\x¹xwnrÔe{è _oh'$lhj_%ê]~
ò
nÓngo{)Wton;å.psRlŁgsDh	et9euzuws\G}lu)unÓkngtjxzuw{jkﬂuuw{ssxzuw{jk*uwo{s\xrÕ{wnD umoslss\}
xzuw{jkﬂuo{wsnrquwmj{ws\s*adlvGs\tjxzvngtepjv1eŁDs\xBvxTôj{xuÁ}o{wnD}nKxzsRGvtè éWRê]~
ò
mosxkmosGsb}o{na
ljks\x{nKnguwsRng{ls{s\fovte{|u{ws\s\xkegpps\s*æWuw{s1ea]fjeDxzsRopuwvadxwk\epsxwvtjŁgopye{vu|
uw{ssRxå.vuwm9k\e;ueDxu{wnD}omos1}>ngvtKuxeDxtonllsRx~
á
tîumo{ws\s*adlvs\tjxwvnDtjepTxw}jeDk*sgh/keueDxu{wnga
}omosRxﬁeg{wsLegpxwn.}nKxwxwvfop|kegjxzsRfW|k*{s\euwvngtjxng{ﬁegtotovmovpye;uvnDtnroxegolps*adxegolps/}nDvtKuxh
sg~ Łj~>f>s*uåÁsstâì·)hi·)hjaðbegtj¼ì·)hahjaðxegjlpsRxh7k*nD{w{s\xw}>ngtjlvtoŁGunUuwmjsk\e;ueDxu{wnD}omovyk
vtDus{egk*uwvngtfsuåBs\steuwmjvtotjvtoŁetjeumovkDstovtoŁ1ngr	euof>sg~
ò
mosRxzs$k\e;ueDxu{wnD}omosRx
uwnDŁgsuwmos\{Tå.vuwmegpp7k*{s\euwvngtUk\e;ueDxu{wnD}omosRxTe{sbvŁgtonD{wsRqhWxzvtjk*såBse{snDtop|GvtKuws{s\xzuwsR
vtumospvtoWvtoŁGnr5uwmossæKu{ws\1e)å.mjvkm}o{s\xwstKu.e;u.uwmjspn;åÁs\xzu¹xkegpsD~
ò
mosfovte{|u{ws\sxzuw{jkﬂuo{wsvxÁngfouevtosRGfK|GpvtjKvtoŁke;uegxzuw{ng}omjsb}nDvtKuxhletGuwmos
epŁgnD{wvuwmj(vyx¹egxBrÕngppn;åbxﬁ/cs*uÎŁÏQ-ÐGfsekngG}jeDkﬂu.k*ngtjtos\k*uws\lng1egvtÄegtjÄos*ôjtos
Y´ODÎÑUÒQ uwnëfsetâv1egŁgsghBÓ
}`Ô
Î egxGegt9s*æWu{ws\ohBegtjÕÓw
Ô
ÎõegxGe}>ngvtKu\~

ngtxzvyls{)uwmjsxws*u1nrk*ngtKuvtWonDjx$rÕjtjkﬂuvnDtjx×ÖOcØ ﬃbnÙ°Ú°UÒÎ rÕnD{Gå.movkm®Ö-j¬%oZ_ÛÓ
}
h
Ö|jxÙBo1_ÜÓw[h.etj®Ö
ÔÞÝTß
à
ß
e
hÁå.mos{s
ÝTß
à
ß
e
vyxGumosxzsuUnreppb}>nDxxzvfops}je;umjxGrÕ{ng egt
s*æWu{ws\oáÓ
}
uwne}>ngvtKuÓwﬁh/etÖ¤vx$}je{eGs*us{v\s\ÓjxwvtoŁ¨Tjk*pvos\etNeg{k*a]pstoŁguwm~
ò
mosstjs{Łg| â
ß
à
jﬁÓw"oÁå.vuwm{s\xw}sRkﬂu.unGegtsæWuw{sjãÓ
}
k\epyk*opye;us\e;u Ówvxls*ôjtjs\egx
â
ß
à
jwo_ äåæ
ç(è&éê
ë
ê
ì
í®î
£áï ð
ð
ð
ð
Ó
w)j«Ö|j¶ñolo
ð
ð
ð
ð

JòGópô
Y¦jÖ-jñ"ono
ô
ñ õ

ô
ñ§ ì@ïgð
csu÷öqÏÞÎ f>sGuwmos1xws*unr¹epp	s*æWuw{s1evtÓuwmjsv1eŁDsg~
ò
mjs ø%ª¬© 4ùZ×¢ﬃ©vª«ª¬x­&jh-úpûh
egxxwnWkveuwsR¼å.vuwm etísæKu{ws\1eMÓ
}
û
Ô
öÖvxÄls*ôjtjs\ egxumosxws*uÄngregpp.}>ngvtKux1vtíuwmos
vGegŁgsRxhWå.mos\{wsuwmjsstos\{wŁD| â
ß
à³ü
jÓwoÁvyx¹Gvtjv1ep]h
ú|û§_Þý)Ów
Ô
Î
ð
ð
â
ß
à
ü
jﬁÓwoTþ8â
ß
à
ü
jÓwo4b³ß#Ó
} Ô
öpb_	 ìxﬀDð
btîe}j}o{wnælv1e;uwvngtngrLuwmjss\tos{Łg|1e}
uûOÎÈU Q-Shå.mjvkmëls*ôjtjs\xuwmjs)s\tos{Łg|
e;usgs\{w|}>ngvtDuvtumosv1eŁDsegxxznlkveuws\å.vuwmëets*æWu{ws\o Ó
}
ûzh7kegtfs)sUk*vstKuwp|
kegpkopye;uwsRÄxzvtoŁuwmos§vª &©n±« >ª«±ﬃ­ﬁ²Uè éﬂê]~
ÁuUetíke;uegxzuw{ng}omjsÄ}>ngvtDuRhBnDtoss*æWuw{s1eëlvxe}j}sRe{xhLvG}op|KvtoŁëuwme;uUepyxznÓngtos
s*æWu{ws\Ge}jeg{zuvuvnDtN;etovyxzmjs\x\~
ò
mosUegpŁDng{vumo umost¼kngtjxzuw{jkﬂuxuwmjsGuw{ssÄxzuw{jkﬂuo{s
fjeDxzsRÓnDtëuwmosUtjs\xzuwvtoŁnr¹s*æWuw{s1e}jeg{zuvuvnDtjx$eDk*{nDxxxkegpsRx~Áu)ekeuegxzuw{ng}jmosghﬁe
tonlls.k*nDtjxwvxzuwvtoŁnr>ekeueDxu{wnD}omosBegtjuåBn}nD{zux/vx	k{wsRe;us\q~
ò
mos¹psrÃu/}>ng{wu	å.vpplf>s¹e
{s*rÕs{stk*s.unegtÄs*æWu{ws\o å.monKxzss*æWuw{s1e$}e{wuwvuwvngtUvyxÁ}o{wsRxzs\tKuBvGsRlveuws\p|1e;rÃus{
uwmjsk\e;ueDxu{wnD}omos)vtëxwk\epsghetuwmjs){vŁDmKutonllsGå.vpp/f>s)umoss*æWuw{s)o uwmjeuvyxpnKxu
ï
ì@eDð
ìÕfð
	
vŁDo{s
ò
mossæWuw{s1e;a¾fjegxws\)opuvadxkepsxwvtoŁgopye{vu|$uw{ssnrﬁeumo{ss*adlvGstjxwvnDtjep
vGegŁgsnrbrÕnDo{GfopnDfjx\~÷ìÔeKð
ò
moso~ vxwnadxzj{zrÔeDk*s\xnrbumosv1egŁgse;u1xwk\eps1È_<Óvx
xwmon;å.tvtfopjsgh>å.mos{suwmjs)xkepseæWvyxbvyx}o{wngäs\k*uws\eå¹e|g~
ò
mosxz1egpp5{wsRetjfjpos
xw}omos{s\x.eg{wsumos1e;ælv1eGetxegjlpsRx¹}nDvtKux.{wsRxz}>s\k*uwvgs\p|D~
ò
mosfopospvtosRxbe{suwmos
k*{vuwvykepj}je;umjxTegtjuwmosxz1eppjfjpeDk)xw}omos{s\xTe{s¹uwmoske;uegxzuw{ng}omjsÁ}>ngvtKux\~
ò
mosbfopyegk
pvtos)etjumos{s\pvtjs)ls\tonusuwmos)psrÃuzadkmovppvtjKvtoŁetjumos${vŁDmDuwa¾kmjvpypvtoWvtoŁUvt
uwmjsu{ws\sg~bìÔfð¹ xwkmjs1e;uvkl{eå.vtoŁnr5uwmossæWuw{egkﬂus\

ioi
ò
~onusuwmjeuÁumos{svx.e
xegolps*adxegolpske;uegxzuw{ng}omjs}>ngvtKubå.movkmvyx.vŁDtong{s\~
e;uuwmosk\e;uegxzuw{ng}omosD~
ò
mostonlls\xe{spvtogsRvteGung}ladln;å.t1etotjs{Rhjxue{wuwvtoŁGrÕ{ng
uwmjs$movŁgmosRxubunGuwmospn;åÁs\xzukeuegxzuw{ng}jmosvtxkegpsD~
ò
mos\{wså.vppﬁf>segxbGegtW|ÄtonllsRxegx
uwmjs{seg{wskeuegxzuw{ng}jmos\xTvtuwmoskngtjxzuw{jkﬂus\Uuw{ssg~	
	
jpplvyxk*jxxzvngtnr5uwmosGs*umonl
rÕng{bkngtjxzuw{jk*uwvtoŁ)sæWuw{s1e;a¾fjegxws\

ioi
ò
xbk\etfsrÕnDotjvtîè éKRê¾~
btís*æoeg}jpsnruwmjss*æWuw{s1e;a¾fjeDxzsRNopuwvadxwk\epsxwvtoŁgopye{vu|îuw{ssnreîxzvG}ops
éa¾fopngf_g` v1eŁgsvyx.xzmjn;å.tvt
	
vŁgj{ws$l~
¸¹ù¬¸ ¿îß ÉcÁþnÉÊßÅn c¼ üZþüûﬃ½[û¦ÇDËﬀ.ûoß¼ ½[Â@ cÅ
»oþ!¾'Æ/Ç½|Åü
Æ¹þnÉÊ Å
½/ûjþ
»&Ë#¾Ìûoüü

vgste)opuvadxkepsxwvtoŁgopye{vu|Da]uw{ssDhgåÁs}o{nlljkse
ç
nDotjlvtoŁ

ngpoGseDxLrÕnDppn;åbx~
ò
mosBopuwva¾xkegpsLxwvtoŁgopye{vu|Da]uw{ss	vyx5s*æWuws\tjls\$å.vumebxws*u5ngropsRegsRxq{ws\}o{s\xwstKuwvtoŁ.s\eDkm
s*æWu{ws\o~
ò
mostjså.p|egjls\ps\eDs\xÁ{ws\}o{s\xwstKu¹uwmosôtos\xzuxwk\epsrÕng{.umos
ç
ngotlvtjŁ

ngpoGs ¯bvs{e{kmW|g~
ò
mjstonlls\x1ngrumos)opuvadxkepsxwvtoŁDopye{vu|Ka]uw{ss\xGkngtjxwvxzuxGngr
uåÁn)}>ng{wux\hoeps*rÃub}>ng{wu.{wsrÕs{{wvtoŁuwnuwmossæKu{ws\o xzo{WvWvtoŁ$umos$keueDxu{wnD}omosghWet
uwmjs${wvŁgmKub}>ng{wub{wsrÕs{{wvtoŁuwnUuwmos$sæWuw{sj uwme;uvyxbetjtovmjvpye;us\q~¹bppﬁrÕ{ss}>ng{wuxe{s
s*æWustjlsR1å.vuwmÄepsRe;rqrÕng{Tuwmosk*nD{w{s\xw}nDtjlvtoŁs*æWu{ws\ohWetjGumos{s\xwopuBvyxLumje;uBuwmos
jpuvadxwk\epsÄxwvtoŁDopye{vu|Ka]uw{ss1vyxsæKustjos\Nå.vuwmângtospsRe;r.rÕng{)s\eDkm¼s*æWuw{s)o~Ópp
s*æoks}luLumosbpyegxzuLs*æWuw{s)o å.vppeg}o}sRe{LvtGuwmjsbopuwvadxwk\epsbxzvtoŁgjpeg{wvu|Ka@u{ws\sÁnDtosbet
ngtjp|UnDtosuwvGs$egx.e{wvŁgmKu.}>ng{wu\~
óÓs$k\etlstonguwsuwmjsk\e;uegxzuw{ng}omosxkepsegx¹e)xwvsGs\egxwo{sngrﬁumosk*ng{{s\xw}nDtjlvtoŁ
s*æWu{ws\o~
ò
mjeuvx\he;uuwmos1k\e;ueDxu{wnD}omosxwk\epsgh7uwmjsGkng{{wsRxz}>ngtlvtjŁ

ejxxwvegtå.vpp
ﬀ
	vŁgo{s_	 xwkmjs1e;uvkl{eå.vtjŁ)ngrﬁuwmjss*æWuw{egk*uws\
ç#
¯Öngr/eGxwngpvk*n;å~
mjeDs¹exwvs.umje;uBongGvte;uwsRx/uwmjsbotjls\{wp|WvtjŁv1eŁDsbxu{wkﬂuwj{wsRx~5óÓsb1e|epyxznŁDvDs¹e
xzue;uvxzuwvykegpvtKuws\{w}o{s*ue;uvnDtjxTxzvtoŁ
ò
kmos\fW|Wkmjs*ñ/h xBvtos\ãKjegpvu|è ﬀ;ê]~
á
u.xue;us\xBuwmjeuBrÕnD{Áe
{etjlnD eg{wvyefjpsﬂﬁ å.vuwmxuetjje{UlsWvye;uvnDt1/hWuwmjs}j{wnDfjefovpvu|Gnr5ôjtjlvtoŁG;epos\x
ngouxwv\sef>ngot}j{wnD}nD{zuvnDtjep>uwnGvuxbxzuegtjoeg{lsWvye;uwvngtvyx.vtWDs{xzs\p|Uxw1epp¬
ÙZjﬃ ﬁ! #"ﬃ%$'&io(
L
&

ìð
óësueggsumovxegxbeUŁgovylsunÄxzsubuwmjsxzvsnr/uwmos)psRe;r	f>ngotjovtoŁÄgngpoGs\x\hov]~ sD~>eGps\er
å.vpp¹f>sŁDvDst¼exw}omos\{wsDh	å.monﬃh x){eDlvxvyx}o{wnD}nD{zuvnDtjepLuwnÓuwmoskeuegxzuw{ng}jmosÄxkepsg~
ò
mos\{wsGå.vppLf>sUnDtosGs*æWuw{s)ohﬁå.movykmNlnWs\xtongulvyxweg}o}sRe{vtNek\e;uegxzuw{ng}omosDhﬁet
uwmjs{s*rÕng{slnWs\x1tonguÄe}o}>s\eg{1egx1eî{vŁDmDu1}>ng{wu1vt¤uwmjsopuwva¾xkegpsxwvtjŁgopye{vu|îu{ws\sg~
óësUxzsu$uwmos1f>ngjtjlvtoŁgnDpoGs1ngrBumos1ôjtjegpLs*æWu{ws\o uwnf>s1}o{wnD}nD{zuvnDtjep/unuwmos
lvyxuetjksunGvux¹ngtop|ÄxwvfopvtoŁ)vtuwmos)opuvadxkepsxzvtoŁgjpeg{wvu|Ka@u{ws\sbGvtWjxÁumos$ep{wsRegl|
Wton;å.txzvfopvtoŁ¦h x¹{egovjxÁvtuwmosf>ngotlvtjŁ1gngpoGsmovs{e{kmK|D~
iWvtjk*suwmjsf>ngjtjlvtoŁÓDngpoGsmjvs\{eg{kmW|îvxfovtjeg{w|DhLåBsôjtjâf>ngotjovtoŁîDngpoGs
rÕng{uwmjstjngtla¾psRe;rLtonllsRxvtÓuwmos)uw{ssGegxuwmjsGxw1eppsRxuxz}jmos{sumje;ustk*pnDxws\xuwmosuåÁn
kmovpNxw}omos\{wsRx~pumongoŁDmNuwvŁgmKus{$f>ngotox1e|ÓfsÄrÕngotjh/uwmovyx$vyx$ps*rÃu)rÕng{$rÕj{zumos{
ls\gspng}js\tKu\~
) *Ã,/6ﬁÞAÚ§6

o{{ws\tKuwp|ghLnDo{1epŁgng{vuwmo vyx1keg}jefopsnr}j{wnlljkvtjŁu{ws\s\xrÕ{ng ngfoäs\kﬂuxuwmjeuUe{s
xeG}ops\ngt$e%,+'Ð[ŁD{wvyqh\rÕng{ﬁe.{s\eDxznDtjefjps/k*nD}jlueuwvngtuwvGsghåÁs	ngtop|jxws+'y%Ð/Łg{vyox~
óësGosGngtjxzuw{e;us)nDo{$epŁgnD{wvuwmj ngtÓuwmos1k*n;å#}nDp|WŁgnDtjep/Gs\xwm¤è ;ê]~
á
t
	
vŁgj{wsG_vx
xwmon;å.t1e$xwkmjs1e;uvk.l{eå.vtoŁnr7uwmjsbs*æWuw{egk*uwsR
çD
¯ nre$xwngpvy1k*n;åíetjGvt
	
vŁDo{ws.é
vyxBxwmon;å.tUexwngpvyUk*n;åíungŁgsuwmos\{Tå.vuwmÄuwmosxz}jmos{vk\epfnDotjlvtoŁDngpoGseuBs\eDkmUpsgs\p@~

ìÔeKð ìÔfð
ìÔkRð
ì@jð ìÔsRð ìÃrð
	
vŁDo{séﬃ xznDpvykn;å#etjuwmospsgs\pxvtÓvuxf>ngotlvtjŁDngpoGsmovs{e{kmW|g~
á
tíìÔeDð
vyxÁxwmon;å.t1umosxzo{wrÔegksngruwmosk*n;åíungŁDs*uwmjs{Áå.vumÄumospvtolxBf>s*uåÁss\tk\e;ueDxu{wnD}omosRxLvt
uwmjsuw{ssg~
á
tNìÕf>ð¾aﬂìÃrð.eg{wsxwmon;å.ttonlls\x.eu¹psDspyx*aï)nrﬁumosuw{ssD~
$
`jsun$uwmjstjeuwo{sngrﬁkeuegxzuw{ng}jmovkbsgs\tKuxBvtÄxkegpsa¾xw}jeDk*sghguwmos}o{nlljk*sR1jpuva
xkepsxwvtoŁgopye{vu|Da]uw{sse{sepå¹e|WxBfovtje{|uw{ssRx~
á
tUumosxwk\eps*adxz}egk*snrumosk*n;åhKuwmos
psŁDxÁngrﬁuwmjskn;å÷e}j}sRe{xBvte)xws\ãKos\tKuwvyep71etotos\{¹rÕ{wnD k*nKe{xzsuwnôjtosD~
ò
movx¹1eggs\x
uwmjs$uw{ss)foovpovtoŁ}o{nlk*s\xxxwv}jpsDh>mjn;åBs\gs{Rhjvtumovyx}jeg{zuvkopye{sæoeG}opsgh7vuåÁngopy
}>nDxxzvfop|f>sbGng{sÁte;uwj{egpluwnps*uLumosbpsŁga]tonllsRx	e}o}>s\eg{Le;uLumosxeGsÁuwvGsbvtUeéga¾eg{w|
uw{ss)tonllsg~
á
tnDo{bu{ws\sghqxwjkmlsRk*vyxzvngtjxkegtf>sstorÕng{k*s\fK|}>nDxzuza¾}o{nWks\xxzvtoŁhet
ejxzsrÕop	vtjlvyke;uvnDtvtumovyxkegxwsåBnDopfsumje;uuwmjsGk\e;uegxzuw{ng}omosRxnlk\k*o{å.vuwmovtëe
gs\{w|1te{{wn;å÷xkegpsa]fetjq~
ò
mos{s.e{s¹GegtW|$}o{ng}>s{wuwvs\x[å.movykmGeg{wsÁvtDus{s\xzuwvtoŁå.mostGs\egpe;uwvtoŁuwmjsbãDepvu|
nr[e)f>ngjtjlvtoŁGgngpoGsmovs\{eg{kmW|D~5btorÕng{wuwotjeuws\p|ÄxwngGsnr5uwmos\õe{skngtKuw{egovk*uwvtoŁ
s\eDkmÄnguwmos\{\~
-
ilGegpps\xzub}>nDxxzvfopsf>ngjtjlvtoŁ1gnDpoGsRx
-
ilGegpps\xzuT}>nDxxzvfopsbn;gs\{wpye}f>s*uåÁsst1DngpoGs\xLeuBxeGsls\}luwm1vt1uwmjsbmovs{e{kmK|
-
ilGegpp5xzvsRÄf>ngotlvtjŁ1gngpoGsmovs{e{kmK|DhDv]~ sg~LegxÁrÕs\å tjnWos\x.egx¹}>nDxxwvfops
-

nDG}opsuws$kn;gs{eŁDsbgs\{xwjx.xeG}opvtjŁ)fjeDxzsRkn;gs\{egŁgs
-/.
fjegpegtjk*sR0uw{ssRx
ò
mosÁpeDxu/}o{ng}>s{wu|vx[ngtjsBåÁsBkmjegppstjŁgsghegpumongjŁgm$vu	mjegx5fs\st}o{n;gs\umje;u	fjegpegtjk*sR
uw{ssRxT}j{wn;Wvylsbf>s\xzuÁåÁng{xuÁkegxwsãKos\{wvs\x\hKe)fjegpegtjk*sRuw{ssontonguÁ{s}o{s\xwstKuLumosxwk\eps
nrﬁuwmosngfoäs\kﬂuR~/óÓnD{wWvtoŁå.vuwmuwvGsk{wvuwvykegpnD{.e}o}o{nælv1euwvtoŁãKos{vs\xBuwmovyxÁfsRk*nDs
etvG}nD{zuetKuﬁ}o{ng}>s{wu|g~óësTxwoŁgŁDs\xzu7uwmjeuﬁuwmjs	uw{ssLxwmongjpf>sLfjegpegtjk*sRå.vuwm{s\xw}>s\kﬂu
uwnumos$lstxzvu|Unr[uwmjsngfläsRkﬂu\~
1 2
à46ﬁßÁÞ16§6ﬁà*ÜÙ

nKxuU{s\kstKu1åBnD{w¼å.vuwm f>ngjtjlvtoŁNgnDpoGsmovs{e{kmovs\xmjeDxGrÕnlk*jxws\¤ngt=
ò
{|WvtjŁ
ngou$toså Wvtoxnr.f>ngotlvtjŁgngpoGs\x\hôŁgo{vtjŁnglu$f>s*uwuws{)Gs*uwmjnWjxrÕng{$ôouzuvtoŁe
f>ngotjovtoŁGDngpoGsunUeGxzofxzsubnr[egtnDfläs\k*uﬁh x.otjos{p|WvtoŁGŁgsnDGs*uw{|ghKôjtlvtjŁGrÔegxzuws{
etNfsuzus{Gn;gs\{wpye}ëuwsRxuGGs*umonloxhLegtj¼kngG}je{vtoŁmonDnDŁgs\tosnDjx$f>ngotlvtjŁgnDpa
oGsÄmjvs\{eg{kmovs\xngrlvñ>s\{ws\tDu)fnDotjlvtoŁDngpoGs1u|W}sRx~
á
t9ng{ls{unvG}o{wn;DsGuwmos
}>s{wrÕng{Gegtjk*sngr	uw{egs\{xepegpŁDng{vumo1xh>ls}lumk*nDtKuw{ngp]hjpye|gs{s\f>ngotlvtjŁÄgnDpjsRxh
keDkmovtoŁf>ngotjovtoŁëgnDpjsRxhLegtj¼xwmje{s\¼fnDotjlvtoŁDngpoGs\x)mjegsfs\st¤xujlvs\q~
óës1mjegsGkmonDxwstuwnkpeDxwxwvrÕ|nDo{Gs*umonlëeDxfs\vtjŁeGvæWsRëfnguzuwnDa]o}îetung}la
ln;å.tGs*umonlqh7fsRkegjxzs$uwmosGxwk\eps*adxz}egk*svyxfjovpyf>nuwuwnga¾o}hqetuwmos)opuwvadxwk\eps
xwvtoŁDopye{vu|Gu{ws\s$e{srÕngotjvte)uwng}oa¾ln;å.t1etjtos{R~
ò
mos$kng{{wsRxz}>ngtjovtoŁf>ngotjovtoŁ
gnDpjsÁmovs{e{kmW|vyx[uwmos\t)fjovpuLvtexu{egvŁDmKuzrÕng{å¹e{vtjk{ws\GstKuegpKå¹e|gh;fW|$lnDvtjŁegt
ng{ls\{5u{eDs{xwegpgngrjuwmjs.opuwva¾xkegps¹xwvtoŁDopye{vu|u{ws\sghgegtj)k{wsRe;uvtoŁf>ngotjovtoŁDngpoGs
tonllsRx.egx.keueDxu{wnD}omos\x¹eg{wsstjkngotKus{s\q~
ò
mos.k*nD}jlueuwvngtjegpKkngG}ops*ælvu|rÕnD{/ngo{	epŁgnD{wvuwmjZvyx	k*j{w{stKuwp|movŁgm~/xwvtjŁ°H Ð
egx	uwmostKjf>s{Tngr}ovæWs\pxTvtGumosv1eŁDsgh3îeDx	umostWo)fs\{TnrxkegpsRx/uwn)fsbs\;epje;us\qh
¼eDxbumos)pye{ŁgsRxuxwk\epsgh	4 egxuwmjs)tWo)fs\{ngrTk*{vuvk\ep[pvtosa]}ovs\ks\xrÕngotqhetjâõegx
uwmjsUtWof>s{)nrbs*æWu{ws\Geeu$uwmjsÄpn;åBsRxuxkegpsDhﬁumoskngG}olue;uwvngtepTkngG}ops*ælvu|ÓrÕng{
s\eDkmÄ}jeg{zubngr5nDo{bepŁgnD{wvuwmo vyxbeDxÁrÕngppn;åbxﬁ

5687:9<;>=@?%=BAC6ED6EFG=@H<I#JK?L;<MBM@AN?LDPORQS?LTCISUOV9W?LQXIEYZ
jN3|ÐH Ðﬁo
á
uÁ1e|f>s}>nDxxwvfops.unv}j{wn;Ds¹uwmoskegpkopeuwvngtGuvGsbrÕnD{Lumos

egjxwxwvyetUxkeps*a
xw}jeDk*sgh5xzvtjk*s11egtK|egpus{tje;uvDs\xuwnxw}jeuwvyep	k*nDtKDngpluwvngtëe{srÔegxzuws{rÕnD{peg{wŁDs
xkegpsRx~¯bn;åÁsDs{RhjåÁs)megs$tongu|Ds*urÕngotjÓepuws\{wtjeuwvgsRx.uwme;uonKsRxtonuvtKuw{na
ojk*sRxbxz}jo{wvngxBsæWuw{s1evtmonDnDŁgs\tosnDjxT{sŁDvnDtjx\~
OR=@68[\?]8I_^`IbaV;>AC[\Ib7:IbD	=cFd68[e=BH>I/OfQX?LTNISUgOR9<?LQSIEYhZ
j¬'H
Ð
o
ò
mjsGnDxzu)Gs\nD{w|îvtKuwstxzvgsU}e{wu)nrngo{epŁgng{vuwmo vyx$umosxzuwnD{egŁgs1ngrbuwmos
xkegpsa¾xw}jeDk*sg~ﬁóÓs.nDtop|){wsRãKov{sBuwmosbxzuwnD{egŁgsÁnrjuåÁntosvŁgmWf>ng{vtjŁxkegpsRx/vtng{ls{
unGôjtjuwmjs$k*{vuvk\epq}jeuwmjx¹vtngo{bko{w{stKu¹vG}opsGs\tDue;uvnDt~
ikj =l[m?LQ,=BACD<]n5o[\AC=@ANQX?LTGpq?L=@H<MXYZ
jN3|H
Ð
J:4

o
ò
mjsUk*{vuvk\ep/}je;umjxkegtÓf>s1s*æWu{eDkﬂuwsRkngtjxwvos{efop|rÔegxzuws\{fW|u{eDkWvtoŁs\eDkm
sæWuw{sj#rÕ{ng ôjtosRxuÁxwk\epsghKmon;åBs\gs\{/uwmovyxTåÁngjpG{s\ãKov{ws.s\vumos{Buwn)xung{s.uwmos
rÕjppﬁilk\eps*aiW}jeDk*snD{B}>s{wrÕng{ pnlk\epqkegpkopeuwvngtjxÁlo{vtoŁ$umosuw{egkWvtjŁ$}o{nWks\xx~
ilvtjksumovyxTvyxTfW|rÔe{BtonuBuwmosxwpn;åÁs\xzuL}je{wuBngrngo{ÁepŁgnD{wvuwmohKåBsmjegsbps*rÃuÁuwmjvx
rÕnD{¹rÕo{wuwmos\{b{wsRxzsRe{km~
r
ACD<s<ACD<]#?
i
;>QSTCACs<Ib?LD't[mIbIEu
òV_q
ACDwvxEy\YhZ
j¬â$o
á
ubvyx¹rÔeDxus\xzuÁun1jxwsumos÷¨LjkpvylsRetGs*uw{vykvtNì@ïDðﬂhlrÕnD{cò__ŁGxzs\sfs\pn;å~
r
ACD<s<ACD<]#?:JKIbD>I[m?LTzt[mIbIEYZ
j¬âBH ÐV{}|X~#H Ðﬁo
ò
mjvxBvxLuwmosGnDxzuÁk*nDG}olueuwvngtjegpp|sæl}s\tjxzvgs}je{wuBngr7nDo{BegpŁDng{vumohDegtjGåBs
megs)uwmos\{wsrÕng{s)}o{s*rÕs\{w{s\uwmosZ¨Tjk*pvos\etëGs*u{wvyk~I¯bn;åÁsDs{RhqåBss*æl}>s\kﬂuumje;u
umosGxz}>ssRnr	umos
	
egxzu

eg{kmovtoŁ

s*uwmjnWjxzsRrÕng{uwmosGepuws\{wte;uwvgsGsuw{vk\xh
ò#_qohjk\etfsvG}o{n;gs\ÄfW|Äetje{{wn;å÷fjetjv}jps\s\tKue;uvnDt~

exwxwvegtëxkegpsUxw}jeDk*s1}o{n;WvlsRxjxå.vuwm¼ekngtKuwvtWongjxlsŁD{eDoe;uvnDtÓngr¹egtënDfläs\k*u\h
numos{egpŁDng{vumo1xrÔegvpBk*ngG}ops*usp|ngtÓuwmjvx}>ngvtKu\hqumos|u|W}ovk\epLkngtKuw{ngp[uwmjsv{$xwk\eps
fW|1xwe|WvtoŁ$umje;u.e;u¹tos*æWu¹ps\gs\pngruwmosf>ngotjovtoŁgnDpjsmovs{e{kmW|)xwmongopyUmegsïg
ps\xx¹tKjf>s{.nr[gnDpoGsRxhlnD{¹eu¹uwmostosæWubps\gsp7umosgnDpjsRx¹xzmonDopyUôoug f>s*uwuws\{\~
 lv{wsRkﬂubxzuwjl|nr/xwk\eps\x.xwss1xÁunf>s$eGng{s}j{wnD}s\{.{ws\}o{wsRxzs\tKue;uvnDt~

s\ovegpﬁxzj{zrÔeDk*sUì

a]{s}jxðÁfjeDxzsRGsuwmonlox¹rÕnD{bfoovpylvtjŁUfnDotjlvtoŁ1DngpoGsmovs\{za
e{kmovs\x/mjeDs.fs\st1umoseg}o}o{nDegkm)uwnjxzsbrÕng{Lf>nuwuwnga¾o}Äkngtjxzuw{jkﬂuvnDt~-j{TGs*umonl
lvñ>s\{x.rÕ{wnD

a¾{ws\}jxbxwvŁDtovôkegtDup|ÄfK|f>svtoŁUe1lstxzvu|fegxws\Gs*uwmjnWhjå.mos\{wsRegx

a
{s}jx/vyxLGng{s.exzj{zrÔeDk*s*a¾fjeDxzsR$Gs*umonlq~
	
o{wuwmos\{wGnD{ws¹ngj{LGs*uwmjnWG}j{wn;Wvyls\x[jxTå.vum
e$te;uwj{egp>xkegpsuwmjeuÁvyxÁs\egxwvp|Gjxws\Uuwn)os*uws\{wGvtosfnguwmÄf>ngjtjlvtoŁ)DngpoGs\xÁetjUuwmos
uwnD}nDpnDŁg|nrqumosmjvs\{eg{kmW|g~

a¾{ws\}jxTontonguÁ}o{n;Wvos.uwmovyx¹xwk\epsvtlrÕng{1e;uvnDtUtong{Ákegt
uwmjs|1usppngtos$egfnDlu¹uwmos$ostjxwvu|Änr	etngfläsRkﬂu\~
ò
mosåÁsppa¾s\xzuegfopvxwmos\9rÕngjtjoe;uvnDtíngt xwk\eps*adxz}egk*suwmjsng{|9}j{wn;Wvyls\xjxÄå.vumíe
åÁsppadls*ôtos\Gk*nDtjk*s\}luTngrqxkegpsDhDxwmje}>sghKetj1os*uegvpjnret1nDfläs\k*u\~
ò
mos\xwsk*nDtjk*s\}luxTe{s
;epjefjpsuwnWnDpx.eDx¹ngo{.åÁng{1mong}>s*rÕjpp|ls\Gngtjxzuw{e;us\x\~
ò
mos1egvtkngtKuw{vfoluwvngtnrLngj{åÁng{ÄvyxeÄtoså Gs*umonlrÕng{foovpylvtjŁÄf>ngotjovtoŁ
gnDpjsmjvs\{eg{kmW|ghÁmon;åÁsDs{RhTumos{svyxÄxzuwvppjkm tos\s\¤un¼fsëlngtjsg~ iWnîrÔe{ngo{
åÁng{ÓmjeDxf>ss\tâerÕs\egxwvfovpvu|îxzuwl|¼xzmjn;å.vtoŁuwmjeu)umoskngtjxzuw{jk*uwvngt9eDkﬂuwepp|îkegt
f>sÄlngtjsg~óësÄmjeDs1tonu|Ds*u1eDlsÄetW|îe;uwuwsG}lu)uwn;å¹e{oxk*nDG}je{vtjŁuwmosãDepvu|
nr7umos)opuvadxkepsbxwvtoŁDopye{vu|)fnDotjlvtoŁ$DngpoGsbmovs{e{kmK|å.vumUnumos{ÁepŁgng{vuwmo1x\~
\
	ouwo{s{s\xws\eg{km¤å.vppfsÓngt umosuvŁDmDustovtoŁ¼ngruwmosÓfnDotjlvtoŁâgngpoGs\xÄluwvpv\vtoŁ
vtlrÕng{1e;uwvngtvtxkegpsa¾xw}jegksg~
*Ã,/7,¹Û),.ÙßD,/6
è*ê

~Áegt÷ls\t
ç
s\{wŁDst~P¨Ukvs\tDuk*nDppvxwvngt lsuws\k*uwvngt ngrk*ngG}ops*æ lsrÕng{Gegfops
Gnllspyx.jxwvtjŁG
ç¹ç
u{ws\s\x\~­&©v"&=­ZT©n¢±x4¦­ﬁ­&rﬂhoìÔéKð4>\_jh'W~
èÈê

e{s*um
ç
{egoxwmjeå~[/ngp|KŁDngtjegp7sRxzmngr[eGk*n;å~¹~
è _;ê

e{s*um
ç
{egjxzmjeå egtj

e{ngp=×hÈiWoppv;et~T.je}luvDsGsRlvegpade;ælvyx¹e}o}o{nælv1ea
uwvngtërÕnD{xw}omos\{wsa@u{ws\skngtjxzuw{jk*uwvngt~>Ł©nﬃ4%4ªx­ﬃ ­qT©n¢±x4ﬂh/g_jìzRðﬂh

etWje{|ÄDé~
è éê~
ç
{vjxznDthR~
	
s\lWvåhﬁetj

~btjls\{xwngtﬁ~c.nDfojxzuuw{s\e;uGstKunrÁkngppvyxwvnDtjxh
k*nDtKuegk*uTetj)rÕ{vk*uwvngtrÕng{Lkpnguwm1etjv1e;uvnDt~	T©n­ﬁ  ²«b­z<b&°hqkh
lKìÔ_KðvÈï&é,ﬀDg_ohWDDl~
èÈïê~
ç
{vjxznDthﬁi7~

eg{wvtonhetj~
	
s\lWvå~1ilv)opeuwvngtënr.k*pnumovtjŁå.vuwmërÕngpyox
etå.{wvtoWpsRx~
á
tT©n­ﬁ  ²«bF­Bª± S,<%hqq%#©­'©n¢ﬃ±x4
8ùc¢ﬃ­v«ù ­&|­&ù¢ª! >©ﬃ«ùZªx­jhﬁ}jeŁDs\x&$\l_'ﬀj~ﬃ¨Lo{ngŁD{eg}omovykxxxznlk*vye;a
uwvngtﬁhDg_o~
è ﬀ;ê$cL~
ç
{gtjloÖet

~R`~

nDto{egq~%"ª!&ª¬ vªGD¡f"²gﬃ¶  ± ²v©n ¡'ﬃ«b:­ª³ª v¡
ª % ﬂ&©v²X¢ ¡&©n B¢ 4©ﬂ~L`st}o{veuwsvtoŁgs\tov}g{zrÕnDtjqhq'g_j~
è¶Rê

eGs\xU`eGnDt~ cnlkegp

ng{xwsuwmos\ng{|¼rÕng{

ejxxwvegt¤fjpo{{s\ârÕotjk*uwvngtjx\~
á
t

ngt÷iW}>ng{{wvtoŁh

egoxbvspyxzs\thck
	
pnD{eDk>h.egtjí/s*uws\{

ngmetjxwsth¹sRlvung{xh
vx >¡ &¢ﬃ' ±ﬃ ­&©g;hDkmjeg}luws\{BDgh}jegŁgs\xBé@7ﬁﬀg_j~*pWåÁs{/.keDlsGvyk
Lofjpvyxzmjs{xhj`ng{l{s\kmKu\h
ò
mos$s*umos{pegtjox\hqﬁ%(W~
è $;ê~	`s{vkmosD~bs\k*j{xwvDsp|
á
G}opsGs\tDuvtjŁuwmjs

egjxwxwvyet¼etNvuxG`s\{wv;e;uwvgsRx~
á
t

~>iW{wvtov;egxeth"tjŁ1ilvÑ¯bs\toŁjhjegtjbtoŁ¤£Ls\åÈ¯bnlk7hos\lvuwnD{x\h8#©n­  ²&«&
­ª± '²¤¦«b%¢­&©n q4ﬃª³ 4©vªx­p­B4 4©n >" F­`4ùI@% ¥#©n­ vv«ghl}jegŁgs\x
&ﬀD_\o&ﬀ(l~Dóëng{pyilkvs\tKuwvôkhilvtoŁKe}>ng{sgh7ﬁ%Do~
è ;ê

ngmot `vtjŁgpvegtjeNetj

eg{wnDp°×h iloppvegt~

{eDk*s*rÕjplsŁD{eDoe;uvnDtângr$k*ngppvxwvnDt
mjegtjlpvtoŁ)vtÄ}omW|Wxwvykepp|)fjeDxzsR1etov1e;uvnDt~p­ùc¢"ª³ 4©FT©n¢ﬃ±x4¦§­©vùhjì@_Dðﬂh
Dgj~
è\;ê$iKus}omjegtU$~%¨Lmo1etotetj

vtoŁ

~Kcvt~>.k\k*o{e;usbetjrÔeDxuL}j{wnælvvu|)ãKos\{wvs\x
f>s*uåÁsst}>ngp|Wmos\o{e¹jxwvtoŁk*nDtWgs*æxzo{wrÔegksTlsRk*ngG}>nDxwvuvnDt~
á
t$$~

mjepGs{xet
ò
~ a

~8.mW|Ktjsghls\ovung{xh8°§bXX¨¤#©n­  ²&«&ﬂhognDpoGs$ìÔ_KðﬂhW}jeŁDs\x.ïD\oïl\j~
ç
peDkWåBs\pp7LofjpvyxzmjvtoŁhDoD~
èg*êstjtK|¨L{ps\fs\t9et

nDt9iW}nD{w{vtoŁj~

ngppvxwvnDt¼ls*us\k*uwvngtNnros*rÕng{1efops1gnDpa
oGs*u{wvyk1Gs\xwmosRx~
á
t

sñ¤c5etjls\{\h[s\ovung{RhcT©n¢ﬃ±x4#©­'©nùFùF«/ 4ª±­²ﬂ~

mjeg{wps\x.vgs\{

s\ovejhjgD_o~
g
èRê
	
egfovn

eton;Dsppv]h

ngmjt¼`vtoŁgpvyetjejh[egtj

e{ngp#×hÈiWoppv;et~
ç
jkDs*uzu{ws\s'
á
a
}o{n;WvtoŁ1kngppvyxzvngtlsuws\k*uwvngtf>s*uåÁss\tos*rÕng{1efopsngfoäs\kﬂux~
á
t#'¢"©v«b/p­&@4 >©v¡
 >" 1«p­ùc¢"ª³ >© T©n¢ﬃ±x4/©d>GTzbXS«ª;hL}jegŁgs\x$}o}~ÁRï&ﬀm>ﬀg_oh
ç
{e;uvxwpe;ejh
b}j{wvp5Dgj~
è\_;ê¨b~

~

vpfs\{zuRh>`)~ ó ~

ngmotjxwngtﬁhjetjiq~ i7~7ss\{zumov]~ÁÖrÔeDxu}o{wnlks\lo{srÕng{k*nD)a
}oluvtjŁuwmjsÄlvyxuetjksUfsuåBs\st¼kngG}ops*æÓnDfläs\k*uxvtîumo{ws\s*adlvs\tjxwvnDtjepTxw}jeDk*sg~
hw­©v§­¦c­S¢­&ª¬x4:²ª³­ùZªx­jhlé¦g_mlD_ohﬁ'$%$o~
èéê

s*ñ7{ws\|

ngpyoxwGvumegtj

ngmotilepGngt~Áblung1e;uvkk{wsRe;uvnDtngr/nDfläs\k*ubmovs{e{wa
kmovs\xBrÕng{¹{e|uw{egk*vtoŁ~<hp­ùc¢"ª³ 4©IT©n¢ﬃ±x4:"²cD¢%¢"¶xªx­ﬃﬂh"lì]ïgðvé,
jh

e|'$(l~[xwss$ilkmjs{xznDt`¬

eDxz}e{|Ue{wuwvyk*psrÕnD{.{ws\peuwsRÄåÁng{7~
èRïê$i7~

nuzuxwkmep>h

~

~gcﬁvthWet`)~

egtonlkmjeo~fofla]uw{ss%ﬁ movs{e{kmovykeplxzuw{jkﬂa
uwj{wsrÕnD{Á{e}jvvtKus{wrÕs{stjksos*uwsRkﬂuvnDt~
ò
sRkmotovykepRbs}>ng{wu
ò
c'ﬀ;adoR_ohW`s\}je{wuza
GstKuBngr

ngG}olus{¹ilk*vstjksghWbtovgs\{xwvu|)ngrq~

eg{wnDpvtjejh

mjeg}s\p¦¯bvpp@h$oh>ﬁ%'ﬀj~
èﬁﬀ;ê$iKus*rÔet

nguzuxkmjegp7~p­«¶ vx­&­Tﬃ >©vx vTv«®T©vx 4¦ª! ²q¯­²«°¯­>ø 4~jLmj`
uwmjs\xwvx\hg`s}jeg{zus\tKu/ngr

nD}jluws\{Tilk*vstjksghgtovgs{xwvu|ngr>$~

e{ngpvtjejh

mje}>sp
¯bvpp@h7gDo~
èRê¨b~

ostjospGegth8$~
ç
{wvyoxwngthoegtj~
	
s\lWvå~BngtjkngtWgsæÄ{wvŁgvyfnllvs\xå.vum
xzuegkWvtoŁj~X<±©nﬃ4%4ªx­V­&T©n¢±xv«²E#©n­  ²&«&#­W<³b&°hqkh
Dg_j~
èﬁ$;ê
ò
enDxwngtjŁF¯sg~
	
egxzuk*ngppvxwvnDtos*uwsRkﬂuvnDtxzvtoŁ1ãKonDxw}nu{ws\s\x\~
á
t_T©n­ﬁ  ²«b×­
ª± c¨,´X´S´Vgùc¢­v«ùÑ­&`v¦ª! >©n'>ª«µ @µ&©n¢±xvﬂhj}eŁgsRx.ïgïB ﬀDo~K


L{s\xxh
ﬁ%'j~
èﬁ;ê

stKue{nI¯v{nueo~¶`4ù¢©n­µ ²c«¦«ª! °# >ùZ 4¦ªkp­¦ª!%4ª¶­ﬁ²% 4b4­©¥"ª³­ùF¡
xV"«ù×ªx­ﬂ~[Lmj`Zumos\xwvx\hobtjvDs{xzvu|Gnr5~

e{ngpvtjejh

me}>sp¯bvpp]hjDDo~
èÈ;êstjtos*umX¨b~¯nñ/h
ázáwá
h

nDmots|lxws{Rh

vtjŁcﬁvth`vtos\xwm

etonlkmjejh7egtj
ò
v

opgs\{\~
	
egxzukngG}olue;uwvngtÓnrTŁDstos\{egpvsRgnD{wnDtongv5lvegŁg{e1xjxzvtoŁŁg{e}omjvk\x
mjeg{lå¹e{sg~
á
t¤#©n­  ²«b­Dª± G%·ª±Iﬃ¦ﬃ­B4 4©n >" /­&¸|­&ù¢ª! >©&©n¢±¡
x4²×«ﬃª³ 4©n%4ª«µ °ª! ±ﬃC¹>ﬃ 4hK}jegŁgs\xB%'Bl'$'ﬀo~;


L{s\xxgº;.olvyxwngtla¾óÓsRxzps|
LofjpvyxzmjvtoŁ

n~hﬁﬁ'%o~
èÈl*ê/~

~¯bofofe{q~
á
tKuws\{eDkﬂuwvgsk*ngppvxwvnDtÄlsuws\k*uwvngt~
á
t#©n­  ²&«&÷­cª± qhh
8ùc¢ﬃ­v«ùÑ­&K v> ©n±i©n­&ﬃªx 4©«P»§«©vª¬ﬃ&8c «ªN;ho}eŁgsRx.;éml_Doh'g_j~
èÈgêLmovpv}

~¯ofofjeg{~Db}j}o{wnælv1e;uwvtoŁb}>ngp|Wmos\o{e¹å.vuwmxz}omjs{s\x7rÕnD{ﬁuvGs*adk*{vuwvykep
k*nDppvyxzvngtls*us\k*uwvngt~¶<¼©>%4ªx­ﬃB­&®T©n¢±x4ﬂhﬁïoìÔ_Kðv&\lo\jhjﬁ%'ﬀj~
èÈ_;ê
ò
~
á
v äv1eo~
ç
egxwvkLuwmos\ng{|nDttonD{w1egpv\euwvngtnrje}jeuzuws\{wtìÕvt)keDxzsBnrou|W}ovykegpDnDtos*a
lvGstjxwvnDtjep5}je;uwuws\{wtð*~k¯/« 4ª«`­°# 4ª©n­&ª! ±ﬃx&V½§X¢­©ª³­©g;h&ﬀﬃ _%ﬀ'$\l_'$%$oh
ﬁ%ﬀDo~ÁìÔvt

e}jegtos\xwsRð*~
èÈ;éêe{1eo~

e;um¨LtoŁDvtjs$e{GejhWmDuwuw}i¾ºXº;å.å.å~ 1euwmos\toŁgvtosg~ k*nDº;e{1eºW~
R
èÈgïê

~
ò
~LpnDxwn;åbxwKv]h

~|¯bs\pqh

~Li7~
ç
~

vukmos\pp]h¯~TiWn;å.v\{egp@h	egtj9G~¿>v;et~
¨Uk*vstKukngppvyxzvngtlsuws\k*uwvngtjxwvtoŁGf>ngotlvtjŁDngpoGsmovs\{eg{kmjvsRxTngrW&Kad`Bx~
hÀ©nﬃ4%4ªx­ﬃZ­&w»= vﬃÁﬁ&ª¬x­&8&"²p­ùc¢"ª³ >©T©n¢±xvﬂh[éìðvÈlW_'ﬀjh
ﬁ%'$j~
èÈ&ﬀ;ê

~

~KnWstjls\{wvto7~
ò
mosiKu{wjk*uwo{sbngr
á
1egŁgs\x\~R¯/x­&­'xhWX¢ >©v" >ª¬x4ﬂhlïg _'ﬀD_\
_(ohq'$é~
èÈ%Rê$i7~L{vxwmotjegthT~	/euzus;e{Rh

~LcﬁvthÁetjâ`~

etonlkmjej~9iW}omos\{wvykegp¹xwmos\pp
movŁgmos\{BnD{os{Tf>ngjtjlvtoŁDngpoGs.rÕng{BrÔegxzuB}o{nælvGvu|ãKos\{wvs\x\~
á
tT©n­ﬁBÂ)­e±«©n²
v¦ª! >©v"&ª¬x­&"&/ÃF­&©n±ﬃ­¢K­w %­&©v«ª«±ù×x:§­²'&ª¬x­&­#c­X¢­&ª¬x4ﬂh}jegŁgs\x
RDB7\_'ﬀjh'%$o~
èÈ&$;êb{@äzetNov ä}>s{R~:±ﬃ ²%  !¢8ª©vﬃ>ª¬©n Z­vxu> Z¢ﬃ' V«ùZl( 4~ÄLmj`
uwmjs\xwvx\h
á
1egŁgsÄilkvs\tjk*sRx
á
tjxzuwvuwlusgh
á
tjxuvuluwsÄnr
á
tlrÕng{1e;uvnDtëegtj

ngG}oluvtoŁ
ilkvs\tjk*sRxh
	
eDk*opu|nr

euwmos\Geuwvykxetj

ngG}olus{ilk*vstjksgh7.u{wsRkmDubtovgs\{za
xwvu|DhDDl~
èÈ&;ê¨L{vkGc5e{xzs\thiKuwsrÔet

nguzuxwkmjegp7h

vtoŁ

~qcvthﬁet`vtosRxzm

egtonlkmjeo~
	
eDxu
}o{nælvGvu|ãKos\{wvs\xTå.vumÄxzåÁs}ouBxz}jmos{sbgnDpjsRx~
ò
s\kmotjvk\ep8bs}>ng{wu
ò
%;adoﬁ$jh
`s}jeg{zus\tKungr

ngG}olus{ilk*vstjksghqbtjvDs{xzvu|ngrT$~

e{ngpvtjeoh

mje}>sp|¯bvpp@h
ﬁ%'j~
è _g;ê
ò
monDGeDxcﬁeg{xxznDtet
ò
ng1egxgs\tovtjs*a
¸Ä
pps\{\~

ngppvyxwvnDtëlsuwsRkﬂuwvngtÓrÕng{$kngtla
uwvtWongxzp|ÄlsrÕng{vtoŁGf>nWovsRx~
á
t/#©n­'©n¢ﬃ±x4h}jeŁDs\x._KgïBl_g_D_ohKggjg~
è _o*êcL~

~	cﬁvrÔxwmovunegtjâiq~

~/Lvs\{\~î opuwv{wsRxznDpouwvngt¼movs{e{kmovykegpTe}o}j{wnKegkm
uwnvGegŁgsxwsŁDGstKueuwvngtfjeDxzsRngtvtKuws\tjxzvu|s*æWuw{s1ej~ﬂh!©n&>'>ªx­®­
/&ª¬ª³ 4©v¸"&¾v B&"² %±«" °4ﬃª³ 4«¶ ( >" *hﬁRoì¬ﬀDð4 ïD&\oï;égho'gj~
è _Dê$iKuet

s\peæq~
ç
xz}$kngppvyxzvngtlsuwsRkﬂuwvngt)egxqjxws\$vt1lo.egtjtos\gs{å.vtDus{qtovŁgmKux~
ùZvª©n;h

e{kmggoD~|tjpvtose{wuwvyk*psg~
è _g_;ê
ç
{wvyet

v{zuvkm~

a¾kpv}i
	
egxzu	etj{wnDfojxzu[}>ngp|Wmos\l{eplkngppvyxzvngtls*us\k*uwvngt~8<
©nﬃ4%4ªx­ﬃ×­`T©n¢±xvﬂh[lì@_Dð4'@o%$oh

op|ﬁ%'$o~
è _éê

~

nWnD{wsetj

~Wó vpmjspGx\~

ngppvyxzvngtls*us\k*uwvngtegtjU{s\xw}>ngtjxwsrÕnD{.k*ngG}oouws{
etjv1e;uvnDt~
á
tÅ|­&ù¢ª! >©ZT©n¢ﬃ±x4ﬂhDngpoGsDlhl}jegŁgsRx¹'$'ml&%$ohﬁ'$%$o~
è _Dïê:lsD~D}s\t`|WtjeGvykx/¨LtjŁgvtosghomKuwuw}i¾ºXºãl~ ng{Łbº;nWos\ºW~
è _'ﬀ;ê

~¦×hÈiWoppv;etegtj

~o`vtoŁDpvyeteo~>bs\epa]uwvsk*nDppvyxzvngtÄos*uwsRkﬂuvnDtegtjU{s\xw}nDtjxws
jxwvtjŁUxz}omjs{s*a]uw{ss\x\h>ﬁ'%o~
è _(Rê
á
~

~¹	epGs{R~

ngppvxwvnDt÷lsuws\k*uwvngt rÕnD{egtovGeuwvngti
ò
mjsÓjxwsngruwmosîxw}omos{s*a
uw{ssoeuexu{wjk*uwo{sg~
á
t'± ° ­²µ× ³¢ﬃ©vªùI >ﬃª³GÃF­&©n±ﬃ­¢u­&Æp­ùc¢"ª«
c 4> ©n±W~jtovgs{xwvu|Ungr
ç
{egWrÕnD{qh

otos1'Dïo~
è _'$;ê
á
~

~[	eps\{etÆ~ cT~

{vGxoegpsD~

nDppvyxzvngt¼lsuwsRkﬂuwvngtîrÕnD{)egtov1euwvngtîjxwvtoŁ
xw}omos{s*a]uw{ssRx~ﬂp­ùc¢"ª³ 4© #©¢±xvﬂ§­©vùhqé>ì@Dðv\Dï\>Dﬁﬀohﬁ%Dïl~
\_
è _';ê
ç
~Tpeuwsp]~

opuwvyxwk\eps×¯bvs{e{kmovykegp5iWsŁDGstKueuwvngt~
ò
s\kmjtovk\epW.s}>ng{wu
çTò
a
.s\}nD{zu/tonj~;DD;a¾géjh\`s}e{wuwGstKu5ngr
ç
vn

s\ovk\ep(¨LtoŁgvtos\s{vtoŁh
ò
sRkmotovykepWbtjva
gs\{xwvuws*u.ngr)¨Lvtjlmjn;gstﬁhjgKl~
è éD;ê

~bG~¹/ngtjegGŁgv]h`~

etonlkmjejhetj

~

~.cvt~
á
tjk{ws\s\tKuepegpŁDng{vumo1x
rÕng{$kngppvyxwvnDtÓlsuws\k*uwvngtëfsuåBs\stÓ}nDp|WŁgnDtjep/Gnllspyxﬁ~¤hhÇ©n&>'>ªx­V­
»= vﬃ&¶Áªx­u"²_p­ùc¢"ª³ 4©VT©n¢±xvﬂh_ìðvÈïlg ﬀéh%ºlﬁ'W~
è éj*ê

~~iWs*umovegt~
	
egxzu

eg{kmjvtoŁ

s*umonlox\~8%¥Èc >µx É	héDì]gðvﬁ%\o_Dïohﬁ%'j~
è éKêG~ﬁiWnDGkmev}s\toŁjh

iW}>ng{{vtoŁhﬁi7~ﬁ{svfnD{wŁhqetjÓ/~

nDmjetxzs\t~iWngrÃuåÁeg{ws)rÕng{
¨	æWuw{egk*uwvtoŁ

opuvailk\epsîiWvtoŁDopeg{wvu|
ò
{ws\s\x\~
ò
s\kmotjvk\ep{ws\}nD{zuRh`s\pvgs\{egfops
bn~ $jho`iji


h
á
i
ò
adggj*ad_Dï;éDéD_jhoRïo~lils}lusf>s{gD_o~
è éD_;êG~;iWotjoeg{eäetj

~cﬁegoŁgvs{R~
	
egxzu[kngtKueDkﬂuﬁpnlkepvyxweuwvngtnroGn;WvtoŁlsrÕng{Gegfops
}>ngp|Kmjs\l{egx\~
á
thvﬃªÊÂVp­&@4 >©n 4 ­p­¦ª¬©n­&Ë²Eª³­ùZªx­L²Lc­S¢­ªxv#&"²
»= vx­&jh>ilvtoŁKe}>ng{sì]i

ðﬂh>`sRk*s\f>s{Dgj~
è égéê

~
ò
\erÕs\xzueDxetjî/~

nDvñ7s*uR~Kbs\epa]uwvsUkngppvyxwvnDtëlsuwsRkﬂuwvngtNxzvtoŁxw}omos{vykep
nlkﬂu{ws\s\x

{be}j}opvykeuwvngthq'%ﬀo~
è éKïê

~l;etlst
ç
s{Łgstﬁ~L{næWvGvu|1ãKos\{wvs\x¹etU}>stosuw{e;uwvngtls}ouwmkngG}olue;uvnDt
ngt_DÄŁKeGsngfläsRkﬂux\~ùZ kµF 4µ >­¢ﬃ 4©ep­&@4 >©n 4 *h7gjg~
è é%ﬀ;êcL~

~K;egt

pvsu\h
á
~
ò
~£LngotoŁhletj1/~ ó ~

s{fs\s7~>bs\k*j{xwvDs

exwxwvegtÄ`s{v;e;a
uwvgs
	
vpus{x~
á
te#©n­  ²«bc­Dª± ﬂ¨Ìﬃª«±ov¦ª! >©v"&ª¬x­&"Vp­&@4 >©n 4 ­&c/ª³  4©v
c ­&¦«ª¬x­&¤,Rh¸Í ´XÎghDDngpoGsDhg}jegŁgsRxLï'mlïoéj~h
ç
{vyxzfjegtosghDbjxzuw{epvejhoﬁ%'$j~
á
¨p¨p¨

nDG}oluws\{iWnlk*vs*u|ÄL{wsRxwx\~
è éRê	egxkegp

ngpvtjnUetjeglvye

eŁDtoste;u
ò
mjegp1etjt~

nDppvyxzvngtetxwsprÃadk*ngppvxwvnDt
lsuws\k*uwvngti-¨Ukvs\tDubegtj1{ngfojxzuÁxwngpluvnDtjxLrÕnD{BmjvŁDmop|Uos*rÕng{1efopsxwo{wrÔegk*sRx~
á
t
`vGvuw{v
ò
s\{n\ng}>ngopnDxetj`etjvs\p
ò
mepGegtoth7s\ovung{xhGp­ùc¢"ª³ 4©ﬃ«ùZªx­
²"«ù×ªx­Í ´Ï;h}jeŁDs\x.ïgï\ﬀDïo~Wil}o{wvtoŁDs{wa

s\{wpyeŁh'Dïo~
è é%$;ê	egxkegp

ngpvtjnetjîeDlvye

eŁDtostjeuza
ò
mjep1etotﬁ~»=«©vªﬃ-­ª±«bm²`± ­&©g
²cT©n'>ª¬x ~TiW}o{vtjŁgs{wa

s{pegŁ
ç
s{pvtG¯bsvyls\pfjeg{wŁhjDgo~
è é%;ê


c5efjx

nD{zus*æq~/mDuwuw}i¾ºXº;å.å.å~ ka]pyefjx\~ k*ngº;}o{wnllkﬂuxgºDng{wuwsæºl~
èÈï;ê

~lóÓs\vkDs{wu\hoG~

~8¿>ovyls{gs\pqh
ç
~

~lus{¯ege{.nDGstW|ghoegtjÄó ~

~obvs\xxwst~
	e{epps\pDvG}opsGstKueuwvngtjx[ngrci$xkmosGsRx>ﬁârÔeDxu/åÁe|ngrjtongtjpvtos\eg{[ovñ7jxwvnDt
ôjpuws\{wvtoŁj~
á
tKT©n­ﬁ  ²«b°­cª± GÌﬃª«±c4ﬃª³ 4©vªx­"&>p­&@4 >©n 4 B­vùZl( q#©n­&¡
 vv«ghWgnDpoGs_jhg}jegŁgsRxT_'%ﬀ\l_''jhiletKue
ç
eg{wfe{eoh

hDio$hkﬂuwnDfs\{'ﬀ\o&
ﬁ%(l~
á
¨¨p¨

ngG}olus{iWnlkvsu|ÄL{s\xx~
èÈïl*ê$~q/~ó vuwWvt~1ilkegpsWxw}jegks$ôjpuws\{wvtoŁj~
á
t#©­ﬁBÂGÎ&ª±¸v¦ª¡Â¶­«¦ªp­@Â/­&©v¡
ª ÐD>xvﬃª³ >«¶ % >" ©ÑEf¦PÍ ÎXgª;hgngpoGsÓoh.}jeŁDs\xRoﬁm>RDgohTe{pyxz{omosDh

s{1etW|ghooŁgxu$'$g_j~
èÈïgê

~E¿7eDkmo1etotﬁ~<beg}ovykngppvyxzvngtls*us\k*uwvngtfK|l|WtjeGvykepp|UepvŁDtos\lng}la]uw{ssRxh
ﬁ%'$j~
é
